Introduction. Knee ligament reconstructions are commonly performed using hamstring tendon grafts. We observed anecdotally that there was a difference in the fat distribution superficial to the pes anserinus between men and women and proposed that this effect was independent of BMI, being significantly greater in women. Methods. We performed a prospective study to evaluate 40 MRI scans performed in 20 women and 20 men. The scans allowed visualisation of the insertion of the hamstring tendons at the pes anserinus. Results. The mean BMI of the male patients was 25.6 (19.8-37.2) and of the female patients was 24.7 (17.9-34.5). The mean fat distribution superficial to the pes anserinus in men was 16.2 mm (4.1-29.4) and in women was 29.7 mm (19.6-47.5). There was a significant increase in fat superficial to the hamstring tendons in women compared with men ( < 0.001), despite no significant difference in BMI ( = 0.5). Conclusions. Our evaluation of a prospective series of MRI scans has shown that there is significantly more fat superficial to the insertion of the hamstring tendons in women than in men. This effect is independent of BMI and may influence exposure during hamstring tendon graft harvesting.
Introduction
Knee ligament reconstructions are commonly performed using hamstring tendon grafts. Whilst performing hamstring tendon graft harvesting for knee ligament reconstructions, we observed that there was a difference in the fat distribution superficial to the pes anserinus between men and women. We felt that this effect was independent of body mass index (BMI), being significantly greater in women. Women and men of similar BMI differ in the percentage of body weight as fat [1] , but it has not been determined if this is related specifically to lower limb anatomy. There have been studies demonstrating gender differences of various aspects of knee anatomy and function such as medial femoral condylar height [2] and rotational kinematics and trochlear groove orientation [3] . To our knowledge there have been no studies investigating gender differences regarding the anatomy of the region around the hamstring tendons.
We therefore designed a prospective study to evaluate a series of magnetic resonance imaging (MRI) scans to determine if there was a difference in the fat superficial to the pes anserinus.
Patients and Methods
The study used a total of 40 MRI scans, 20 scans performed in men and 20 scans performed in women. Patients under 16 years of age were excluded from the study. We used a consecutive series of scans that were performed for assessment of patellar instability. These scans allowed us to identify the insertion of the pes anserinus on the T1-weighted axial images. We used the Picture Archiving and Communications System (PACS) Centricity Web software (GE Healthcare, Chalfont St Giles, UK) to measure the perpendicular distance from the pes anserinus to the skin. The patient's height and weight information used to calculate BMI were recorded on a database used for a previous study [4] and correlated with the MRI measurements. All patients had an ethnic origin defined as white British or European.
Statistical Analysis
A prospective power analysis was conducted to determine the required number of MRI scans needed to evaluate the difference in fat superficial to the pes anserinus. A minimal sample size of 16 in each group would provide 80% power to detect a difference in means of 5 mm assuming a common standard deviation (SD) of 8 mm and 5% significance. A two-tailed Student's -test was used to determine statistical significance taken at a value < 0.05.
Results
The mean age of the male patients was 29 years (17-48) and that of the female patients was 28 years (19-47). There were a total of 22 right knees and 18 left knees. The mean BMI of the male patients was 25.6 (19.8-37.2) and that of the female patients was 24.7 (17.9-34.5). The mean fat distribution superficial to the pes anserinus in men was 16.2 mm (4.1-29.4) and in women was 29.7 mm (19.6-47.5) ( Table 1 ). There was a significant increase in fat superficial to the hamstring tendons in women compared with men ( < 0.001), despite there being no significant difference in BMI ( = 0.5). The correlation of the fat distribution and the BMI was equivalent between male and female patients with 2 0.36 and 0.33, respectively (Figure 1 ).
Discussion
This study supports our interesting observations in the fact that there is significantly more fat superficial to the pes anserinus insertion in women than in men. The hamstring tendons in this region are used for graft harvesting for knee ligament reconstructions, and this information may be useful for surgeons performing hamstring tendon grafts.
There have been studies that have previously demonstrated anatomic differences in the shape and size of male knees compared with female knees. Female knees have been noted to have a less prominent anterior condyle, an increased angle, and a reduced medial-lateral : anterior-posterior aspect ratio [5] .
Women and men differ in the proportion of body fat they have and in how that fat is distributed [6, 7] . The difference in fat patterning is apparent even prepubertally, with girls having more peripheral fat than boys, and the magnitude of the sex difference is amplified with maturation [8] . Males amass significantly more visceral fat, whilst females predominantly accumulate subcutaneous fat [9] . As BMI increases, however, the amount of visceral fat in women increases and men have larger amounts of subcutaneous fat on their legs [6] . In our study we found that for both male and female patients as the BMI increased there was a reasonable correlation in the increase of subcutaneous fat distribution overlying the hamstring tendons. The amount of increased subcutaneous fat was independent of BMI and purely related to gender.
The clinical application of this study relates to surgical exposure of the hamstrings tendons. Preoperative planning in female patients may require deeper retractors to be available, or a change in the orientation and size of the incision to ensure that adequate exposure is gained with increased fat superficial to the tendons.
Our study has limitations. The use of BMI as a correction to standardise the different groups introduces potential bias. It is an index, not a direct measure, and can be influenced by a variety of factors, such as ethnicity, that were not accounted for. The MRI scans performed in women were of premenopausal women only. The fat distribution of postmenopausal women is significantly different from that of premenopausal women and approaches, but never equals, that of men [7] . However surgery requiring use of hamstring tendons for reconstruction is rarely performed on postmenopausal women. Physical conditioning has been shown to be effective in both young and middle aged women in reducing subcutaneous fat [10] , and our study MRI scans were performed in patients for assessment of patellar instability. If our study had been performed on an elite athlete population our results may have differed. The male and female patient groups had similar activity levels, and there were no elite athletes in our study population.
Conclusions
Our evaluation of a prospective series of MRI scans has shown that there is significantly more fat superficial to the insertion of the hamstring tendons in women than in men. This effect is independent of BMI and may influence exposure during hamstring tendon graft harvesting.
Disclaimer
No author, their immediate family, or any research foundation with which they are affiliated has received any financial payments or other benefits from any commercial entity related to the subject of this paper.
